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Abstract- A Dynamic random access memory (DRAM) is one of the widely used memories for mobile phones, computers, 
and work stations. Today developing technology has great deal on size and speed of DRAM. In conventional DRAM, storing 
small amount of data requires entire memory to be refreshed. Thus, DRAM consumes more power due to refreshing of data. 
Due to battery powered operation, need of improving power efficiency is increased. This paper focuses on a new method 
denoted as Partial Access Method.  With the help of this method the retention time can be improved, hence power 
consumption decreases.  
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I. INTRODUCTION 
 
Unlike SRAM, DRAM requires only one transistor 
and one capacitor to store one bit of data. DRAM is 
composed by arranging this transistor with capacitor 
in row and column, each of this has address. SRAM 
requires four or six transistors to store one bit data as 
opposed to this DRAM require only one transistor 
and one capacitor. So area required to construct same 
capacity of memory for DRAM is less than SRAM. 
In DRAM data is stored in capacitor in the form of 
charge. Capacitor is charged when data is ‘0’ and 
discharged when data is ‘1’. The transistors used in 
DRAM suffer greatly with leakage current. Since 
even in standby mode the charge from capacitor leak 
away through transistor, and the data stored in 
capacitor is lost. So each DRAM cell is refreshed 
periodically. Hence it is called as Dynamic RAM due 
to this refresh requirement. 
 
Due to increased memory capacity and speed of 
operation, this periodically refreshes caused one of 
most serious problem of power consumption. This is 
due to finite data retention time. The constant-
electric-field scaling theory, the voltage should be 
lowered at the same rate by which the dimensions are 
reduced. This means that the standby power increases 
with the memory capacity [2]. DRAM consumes 
power in standby mode mainly in mobile 
applications.  
 
For DRAM, capacitor must be large enough to avoid 
leakage of charge through it, but this puts limit on 
DRAM size [3]. So for reducing chip size capacitor 
must be small enough. If capacitor size is reduced 
then more charge will leak away and to restore this 
charge more refresh cycles are required, hence power 
consumption increases. 
There is tradeoff between area, speed and power. If 
we increase the speed, power consumption and area 
may increase, or if try to reduce the area or power, 

speed may reduce. So we have to make an 
architecture which take less area and power and 
provide appropriate speed. So it the biggest challenge 
in making of any VLSI circuit. 
 
Most of the priori work done on internal hardware 
architecture manipulation for reducing the power 
consumption of DRAM. As mentioned in [5] “Using 
a periodic pre charge cycle to implement the 3 
Transistor DRAM, by using the periodic pre charge 
cycle gives the advantage of reducing dynamic power 
dissipation”. But using 3 Transistors for single cell 
will require more area. DRAM cells that have an 
oxide-based resistive element added for non-volatile 
operation. In [6] “Two existing DRAM cells (namely 
the 3T1D and B3T cells) are utilized as volatile cores; 
a RRAM circuitry (consisting of an access control 
transistor and an oxide resistive RAM) is added to the 
core to extend its operation for non-volatile 
operation”. The work done in [7] for reducing power 
consumption, “DRAM row that was recently read or 
written to by the processor (or other devices that 
share the same DRAM) does not need to be refreshed 
again by the periodic refresh operation, thereby 
eliminating excessive refreshes and the energy 
dissipated”. 
 
Today many devices which use DRAM are operated 
on battery power, so there is great need of improving 
power efficiency.  To gain all these advantages a new 
method has to be introduced, “A Partial Access 
Method”. With the help of this method the retention 
time can be improved. 
 
So this partial access method extend the retention 
time of DRAM cell when data to be stored is small 
and reduces power consumption. 
For storing small amount of data entire memory need 
to be refreshed. So small refresh time is required to 
avoid loss of data. 
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The section II describes the basic DRAM operation 
including the function of row and column decoder, its 
access time and capacitor charge. Section III explains 
details of the retention time, refresh operation and 
mathematical calculations about them. Section IV 
shows conventional PASR method, its advantages in 
power reduction and its limitations. Finally, section V 
discusses the Partial Access Method.  
 
II. WORKING OF DRAM 
 
Each DRAM cell consists of one capacitor and one 
transistor. This is shown in Fig. (1) 

 
Figure 1. DRAM Cell 

 
The data either 0 or 1 is stored in capacitor in the 
form of charge. For storing logic one in the cell 
should have voltage across capacitor +Vcc/2. 
Therefore charge stored in capacitor is given by 

 
Q = (Vcc/2).C                     (1) 
 

where C is capacitance in farad. Alternatively for 
storing logic zero the voltage across capacitor should 
be –Vcc/2. Therefore charge stored in capacitor is 
 

Q = (-Vcc/2).C                     (2) 
 
Figure (2a) shows a basic DRAM diagram. The 
connection is established in each gate and rows. The 
read or write to DRAM is done in two main steps as 
illustrated in Fig. (2b) 
 
1) The row and column address are present on same 

pad are multiplexed. Initially row address is 
validated by RAS (Row Address Strobe). The X 
address shown in fig selects one row at a time, 
while other rows remain at 0V. The Sense 
Amplifier (SA) is a circuit present at each cell of 
row and connected to the column. Now this SA 
reads all the data from selected row, this step is 
critical because SA has to read a very weak 
charge from capacitor (approximately 30fF).  

 
2) Now column address is validated by CAS 

(Column Address Strobe). Column access is faster 
than that of row access. In this step the data from 
selected cell is transferred to Dout pin. tRAC 
(Access time from RAS) is 60 ns for standard 

DRAM and tCAS (Access time from CAS) is 
15ns. 

 

 
 

(a) 
                   

 
(b) 

Fig 2. (a) Simplified DRAM Diagram. 
(b) DRAM Access Timing 

 
III. DRAM RETENTION TIME AND REFRESH 
OPERATION 
 
The charge stored in capacitor leak away from p-n 
junction of transistor, sub-threshold current, Gate 
Induced Drain Leakage [1]. Each DRAM cell has 
finite retention time-the time within which data in the 
cell is not lost or can be read without refresh [4]. 
Therefore each cell of DRAM needs to be refreshed 
periodically within this time. The retention time for 
DRAM must be greater than 64ms, if it is not the case 
then that memory is discarded. Refresh time (tREF) 
adjustment is set on the basis of the retention time 
tret-measured DRAM data that were complied during 
the manufacturing process of the silicon wafer [2]. 
For example, if the product specification states, 
“Refresh cycle = 512 cycles per 8ms,” then there are 
512 rows and each individual row must be refreshed 
every eight milliseconds. And this refresh operation is 
performed by SA. SA reads the entire data from 
selected row by row address. SA does two works, it 
transmits the data to Dout pin selected by column 
address and it re-writes the data to memory cell, 
which is called as DRAM refresh.  
Refresh is performed by SA by AREF( Auto Refresh) 
command. DRAM chip receives AREF command 
from memory chip controller at periodic interval of 
time. In [10] it is mentioned that “For standard 
DRAM cell this refresh must be performed after 
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64ms. This implies that each row is refreshed by 
every 8192nd refresh command, since 8192 × 7:8 µs 
≈ 64 ms”. For 256-Mb DRAM as an example, the 
refreshing of all memory cells is completed by 
issuing 213 = 8192 AREF commands, called an 8-K 
AREF operation [2]. This AREF frequency should be 
lowered for reducing power consumption. 
Due to manufacturing defect each cell of DRAM does 
not have same retention time. Strong cells have high 
retention time and weak cells have low retention 
time, so the refresh period should as per low retention 
time. Disadvantage of this is frequency of DRAM 
refresh increases.  
In this paper we propose a system using Partial 
Access Method to extend the retention time of cell 
and ultimately to reduce power consumption. This 
can be achieved by copying the content of 1 bit cell to 
other cells connected to WL, and then restore this 
content. As the data is copied to many cells, after 
restoring the data the cells with high retention time 
can hold the data for longer time can be stored to the 
original cell.  
 
IV. PARTIAL ARRAY SELF REFRESH(PASR)  
 
Devices like Smartphones, computer consumes power 
in standby mode also, so priori work done on this by 
using Partial Array Self Refresh (PASR). For 
example if the memory having four banks (256Mb), 
the refresh operation is stopped for other banks that 
are not in use i.e refresh operation is applied for one 
bank and stopped for rest of the banks.   

Fig. 3 Partial array self refresh (PASR). 
 
If in certain interval there is no access to DRAM then 
SELF ENTRY command is issued. In this mode 
storage charge is not lost. This conventional PASR 
mode save power in a SELF Mode only, it does not 
save power in Normal Mode. There are two 
limitations of this method first is there is mismatch in 
the number of banks between the AREF operation in 
the normal mode and PASR [8]. This is shown in Fig. 

3(a), and the SA is activated each time for all the four 
banks. 
 
V. PARTIAL ACCESS METHOD 
 
The limitations of conventional PASR can be 
overcome in Partial Access Method. Fig 4 (b) shows 
the block diagram of PAM. PAM ENTRY mode it 
converts the data from 1cell/bit to 2N cell/bit, which 
means it copies the data of one cell to 2N-1 cells. 
Decoder circuit is used to select refresh operation for 
one bank of four banks. As retention time for 
standard DRAM cell is 64ms which will now be 
extended to 64ms × 2N.  PAM Exit mode reconvert 
the data from 2N cells/bit to 1 cell/bit, it is called as 
refresh operation in PAM.  Now this 2N memory cells 
carry the same data. 

 
(a) 

          
(b) 

Fig. 4 (a) Block diagram of Partial Access Method                                  
(b) Detailed diagram of PAM 

Fig 4 (b) shows the memory capacity changed from 
256 MB to 256 MB/2N. Due to increase in retention 
time by factor 2N and reduction in a memory 
capacity, the refresh frequency also decreases. From 
above we can say that refresh frequency is decreased 
by factor 2N. So it reduces the power consumption in 
SELF Mode and Normal Mode. Partial Access 
Method reduces power consumption in SELF as well 
as in Normal mode. The power consumption in SELF 
mode is the power required for refresh operation, as 
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frequency of refresh gets reduced in PAM, so the 
power consumption gets reduced by factor 2N × 2N in 
SELF mode.  
In Normal mode power consumption is due to SA 
activation, Read/Write operation and AREF 
operation. This will also get reduced in Partial Access 
Method.   
 
CONCLUSION 
 
The paper discusses Partial Access Method to reduce 
power consumption of DRAM. The retention time of 
DRAM can be improved by factor of 2N through 
Partial Access Method. Therefore frequency of 
refresh operation gets reduced and hence power 
consumption of DRAM can be reduced by factor 2N × 
2N. This method is easy to implement as it requires 
copy operation of data from 1 cell/bit to 2N cells/bit. 
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